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Abstract As a small to middle-sized bovid, Hispanodorcas had previously only been found in 
the pan-Mediterranean region and South Asia. Its taxonomic classification at the tribe level has 
been a subject of debate, with possible associations to Antilopini, Reduncini, or Oiocerini. Here, 
we report on the first discovery of Hispanodorcas in East Asia, H. longdongica sp. nov. from the 
Daidian Locality in China, dating to the early Baodean age (~8—7 Ma). The new material consists 
of five skulls with varying states of preservation and provides the most complete osteological 
information on Hispanodorcas to date. It features a long, slender, and posteriorly curved horncore 
with a weak homonymous twist and both laterodorsal and medioventral grooves, which is 
characteristic of Hispanodorcas. This new species is characterized by having the smallest size 
amongst all known Hispanodorcas species, a weakly curved brain case in the facial region, 
and poorly developed posterior and anterior basilar tuberosities. These primitive characteristics 
suggest that H. /ongdongica may represent an early evolutionary stage of this genus. Furthermore, 
they indicate that Hispanodorcas might have directly evolved from the Gazella stock. The 
homonymous twist in the horncore, which aligns with Oiocerini, may be a case of homoplasy. 
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1 Introduction 


Hispanodorcas is a small to middle-sized Gazella-like bovid, which lived during the Late 
Miocene and Early Pliocene periods (Thomas et al., 1982; Bouvrain and de Bonis, 1988; Alcala 
and Morales, 2006; Kostopoulos, 2014). It is characterized by a pair of horncores that exhibit a 
weak homonymous twist (the left horn core twisting clockwise in distal view). Consequently, 


the taxonomic classification of this animal remains somewhat controversial, with suggestions 
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including Antilopini, Reduncini, and Oiocerini. Hispanodorcas has been discovered in Europe 
(Spain and Greece) and South Asia (Pakistan) (Raza et al., 2002; Kostopoulos, 2014), but it 
has not yet been reported in the eastern part of Eurasia, including China. 

In 2021, The Third Geological and Mineral Exploration Institute of Gansu Bureau of 
Geology and Mineral Resources organized fossil excavations at the Daidian locality of Qingyang 
City, Gansu Province, Western China (Fig. 1A), resulting in the recovery of an abundance of 
fossil mammals. Our preliminary identification has led to the discovery of 18 taxa, including 
Adcrocuta eximia, Hyaenidae gen. et sp. indet., Mustelidae gen. et sp. indet., Paratetralophodon 
? sp., Hipparion hippidiodus, Hi. coelophyes, Acerorhinus sp., Rhinoceratini gen. et sp. indet., 
Chleuastochoerus stehlini, Schansitherium tafeli, Samotherium ? sp. Palaeotragus ? sp. 
Cervidae gen. et sp. indet., Moschidae gen. et sp. indet., Gazella paotehensis, G. gaudryi, 
Hispanodorcas longdongica sp. nov., and Bovidae gen. et sp. indet. These taxa characterize 
the “Hipparion” fauna of the Late Miocene in northern China (Flynn et al., 2011; Sun et 
al., 2022). Among these taxa Hi. hippidiodus and Hi. coelophyes seem to be present in 
areas more commonly associated with the early Baodean Age (Sun, 2018, 2023). Based on 
our estimation, the age of the Daidian assemblage is ~8—7 Ma. Of particular interest is the 
discovery of the most well-preserved Hispanodorcas material to date, which includes five 
more or less complete skulls, one of which is associated with a mandible. This population of 
Hispanodorcas, displays relatively primitive morphology compared to other species within the 
genus. The new Hispanodorcas material has significant importance in regards to enhancing our 


understanding of the evolutionary history of this intriguing bovid. 
2 Geological settings 


The Daidian fossil assemblage was discovered near the Daidian township, which is in the 
district of the Zhengning County of Qingyang City, Gansu Province (Fig. 1A). The Neogene 
strata in the Qingyang Region unconformably overlay the Mesozoic base, the Early Cretaceous 
Jingchuan Formation, which is composed of reddish sandstones intercalated with mudstones 
and shales. These Neogene strata are characterized by reddish or brownish mudstones and silty 
mudstones interbedded with carbonated nodules, indicating a high degree of pedogenesis. They 
also contain an abundance of fossil mammals known as the “Hipparion Fauna” (Flynn et al., 
2011; Sun et al., 2022). Quaternary strata, represented by aeolian deposits, have unconformably 
eroded the Neogene strata, creating several layers of alluvial sandy pebble stones. 

Daidian Section (35°18'38.29"N, 108°11'37.36”E) (Fig. 1B, C): 
Late Pleistocene Malan Formation 


13. light yellowish incompact loess, based on a layer of paleosols 5.8m 


Early Pleistocene Sanmen Formation 


12. brownish yellow sandy mudstones or sandy clays 3.85 m 


Wu et al. — First report of Hispanodorcas from the Late Miocene of China 3 


1050 ~ — aw 
| | | | 108° E Cc 
B — Nee 
Qingyang Region| 
13 y 
Qp*m ol Vn ~~, 
af Huan County T A f 
. Vi 
3 Huaĉhi County, 
Yon ~ 
a ~ 
1040 . N v YL AS \ 
36°N av Oinecheg Geary 4 
€ \ i J Heshui Ç ‘ty 
a Qing ang cin i ¢ 
: ° ane an \ 
Zhengyuan County = Pras 
NC eR: Jinapuni Cc» 
WI aah >s. 
4 Zhengning Caunty 
50 km Ga 
Daidján te 
1030 -~ 
Noh 
<< H. longdongica mi| 
m H.longdongica np 
l | i loess 
= | siltstone -> | mammalian fossil 
sandstone =——-~ | parallel unconformity 
1020 | — 
> + © | glutenite Qp?mM Late Pleistocene Malan Formation ! 
i 
BEUL A ` 
1| 1| 1| |) redish clay Qp's Early Pleistocene Sanmen Formation 
Hiliki 
pebbly A utji : sna 
‘| sandstone Nh Late Miocene “Hipparion Red Clay Formation’ N,h 
EAEN A X : O 2 4 6m 
KE sandy clay Kj Early Cretaceous Jingchuan Formation 
1010m 


Fig. 1 Locator map of the fossil site of Hispanodorcas (A), the section (B), and the stratigraphic column of 
Daidian locality (C), from which H. /ongdongica was produced 

11. light yellowish with slightly reddish thin-bedded silty stones 0.72 m 

10. yellowish fine-grained sandy clays 7.43 m 

9. fine-grained pebble stones intercalated with lenses of coarse-grained sandstones, bearing large-scaled 


clinostratified cross-beddings 0.77 m 


Late Miocene “Hipparion Red Clay Formation” 
8. light reddish compact loess with micro-horizontal beddings, based on a layer of carbonated nodules 
and fine pebbles 2.27 m 
7. light brownish red silty clays 1.12 m 
6. light grayish orange horizontostratified silty clays, bearing mammalian fossils: Hippotherium weihoense, 


Hipparion hippidiodus, Hi. coelophyes, Schansitherium tafeli, Gazella gaudryi, Hispanodorcas 


longdongica sp. nov. 0.88 m 
5. light grayish orange silty clays 0.8 m 
4. light grayish orange horizontostratified silty clays, bearing mammalian fossils 0.48 m 
3. light grayish orange silty clays 0.62 m 
2. light reddish silty clays containing pebbles 0.05 m 


1. light reddish silty clays 12.7 m 
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~~nn angular unconformity ~~~~~~~~~~~~ 
Early Cretaceous Jingchuan Formation 


0. reddish sandstones intercalated with mudstones and shales not to bottom 


3 Materials and methods 


All the specimens described in the present paper were housed in the Gansu Geological 
Museum (GGM GSYK), Lanzhou, China. The cheek teeth terminology follows Baérmann 
and Rossner (2011). The cranial and mandibular measurements follow Barmann et al. (2013). 
Linear measurements were taken using calipers and angular measurements were taken using 
photos. 

Anatomical abbreviations at, acoustic tube; Et, eustachian tube; Ev, ethmoidal 
vacuity; fc, fenestra cochleae; f cs, facial sulcus; f g, glenoid fossa; f h, hypoglossal foramina; 
f L, lacrimal fossa; f o, foramen oval; f pc, post-cornual fossa; f pg, postglenoid foramen; 
f ro, foramen rotundum; f sm, stapedial muscle fossa; f so, supraorbital foramen; f tt, temsor 
tympani; | o, lacrimal orifice; M, mastoid; Ob, orbit; of, optical foramen; Op, occipital 
protuberance; pr, promontorium; s Fm, frontal median suture; s F-P, suture between frontal and 
parietal; s N-F, suture between nasal and frontal; t ab, anterior basilar tuberosity; tb, tympanic 
bulla; tl, temporal line; t pb, posterior basilar tuberosity; tv, tympanohyal vagina. 


4 Systematic paleontology 


Family Bovidae Gray, 1821 
Subfamily Antilopinae Gray, 1821 
Hispanodorcas Thomas et al., 1982 
Hispanodorcas Longdongica sp. nov. 
(Figs. 2, 4, 5; Tables 1—4) 

The taxon Hispanodorcas longdongica has been registered in ZOOBANK: http:// 
zoobank.org/ B8074A45-AB 1B-4D44-850A-A4119565FD37. 

Type Species H. torrubiae Thomas et al., 1982. 

Included species H. orientalis Bouvrain and de Bonis, 1988; H. heintzi Alcala and 
Morales, 2006; H. longdongica sp. nov. 

Holotype GGM GSKY 22010, cranium bearing the horncore pair, facial part missing. 

Etymology the species name derives from the region name, Longdong, where the new 
specimens were discovered. 

Referred specimens GGM GSKY 22011, cranium lacking horncores, the braincase 
and rostrum more or less incomplete, P2—M3 tooth row present; GGM GSKY 22012, cranium 
fragment, distal horncores, most of the braincase missing; GGM GSKY 22013, juvenile 
cranium, and mandible bearing DP2—M2 and dp2—m2, horncores and caudal part of braincase 
broken; GGM GSKY 22014, dorsal part of cranium bearing the horncore pair. 
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Due to the fact that at least five middle to small-sized ruminants coexisted (Gazella 
gaudryi, Gazella sp., Cervidae indet., and Moschidae indet.), the post-cranium bones of H. 
longdongica will be reported on further after a comprehensive study of the assemblage. 

Diagnosis Hispanodorcas of small size (size close to living Oribi, Ourebia ourebi); 
horncore long and slender, posteriorly curved, slightly diverge, moderately compressed, with 
a weak homonymous twist (1/2 circle); laterodorsal and medioventral grooves present (with 
variation); post cornual fossa round and deep, supraorbital foramen oval and deep. Cranial 
bent weak, resulting in a small angle between the horncore and dorsal cranium; occiput 
low; basioccipital and basisphenoid thin with relatively weak posterior and anterior basilar 
tuberosities. Tympanic bullae large, ellipsoid, with poorly developed lamina vaginalis; lacrimal 
fossa shallow, poorly defined. Cheek teeth high-crowned, lacking ecto/entostylies. 

Differential diagnosis differing from H. torrubiae, H. orientalis and H. heintzi in the 
smaller size with the higher compression of horncores; further from H. heintzi in lacking an 
anterior keel of the horncores, and from H. cf. H. orientalis and H. torrubiae in the more 
posteriorly curved horncores; also differing from H. orientalis in the more posteriorly incline 
of the horncores (smaller angle between the horncores and the cranial roof); additionally, 
molars differing from H. torrubiae in the stronger buccal styles and smoother surfaces without 
enamel wrinkles (the latter character is only known from an M1, see Thomas et al., 1982). 

Locality, horizon, and age Daidian (35°18’38.29”"N, 108°11'37.36"E), belonging to 
the Zhengning County of the Qingyang City, Gansu Province (Fig. 1A); derived from the 
“Hipparion Red Clay Formation”, Late Miocene, estimating ~8—7 Ma. 


5 Description 


Skull Horncore (Fig. 2) The horncores are long and slender, taper distally, and 
exhibit a slight divergence at an angle of approximately 30°. They are strongly posteriorly 
inclined because of the poorly bent braincase from the face. Among the horncores, the left 
horncore of the type specimen is the longest one, measuring 101.8 mm on the anterior edge, 
which is smaller than any complete horncore of the other species (Fig. 3A). All horncores 
exhibit a slow homonymous twist (the right horncore rotates anti-clockwise in distal view), 
approximately completing a semicircle. Proximally, the horncores are laterally compressed 
and gradually become dorsoventrally compressed distally. The proximal compression is more 
pronounced than that observed in other Hispanodorcas species (Fig. 3A, B), though no clear 
keel is developed (Fig. 2B). Longitudinal grooves are present throughout the horncore with 
two prominent ones. One of these grooves, the laterodorsal groove, may originate from the 
middle of the lateral side at the horncore base. It then extends throughout its entire length and 
gradually turns to the dorsal side distally in conjunction with the slight twist of the horncore 
(Fig. 2A1, B1, C1, blue color). The other prominent one, the ventromedial groove, may begin 
from the distal 1/2—2/3 of the horncore and then appears on the opposite side of the laterodorsal 
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groove (Fig. 2A3, B3, C3, green color). However, the development of the two grooves is 
variable. For example, in the type specimen, the laterodorsal and ventromedial grooves on both 
horncores are rather weak (Fig. 2A1, A3). In contrast, in the specimen GGM GSKY22014, 
the ventromedial grooves of both horncore, as well as the left laterodorsal groove, are well- 
defined (Fig. 2B1, B3, C3), while the right laterodorsal groove is almost absent (Fig. 2C1). The 
horncore bases are short and difficult to recognize from the horncore proper due to it lacking 
a sharp flange. The horncore insertion is near the dorsocaudal border of the orbit, and the 
distance between the two horncore bases is relatively wide (Fig. 4A—C). Additionally, a small, 
round post-cormnual fossa is deeply excavated at the caudolateral corner of the horncore base 
(Fig. 4A3, C2, D2, f pc). 


A2 A3 


20 mm 


B1 B3 


Fig. 2 Horncore of Hispanodorcas longdongica from Daidian Locality, Qingyang 
A. left horncore of GGM GSKY 22010, the type specimen, in lateral (A1), anterior (A2), and median (A3) 
views; B, C. left (B) and right (C, images inversed) horncores of GGM GSKY 22014, in lateral (B1, C1), 


anterior (B2, C2), and median (B3, C3) views. The cross-sections are at 0, 40, and 70 mm from the horncore 
base. The blue and green shadows indicate the lateral and median grooves, respectively 


C1 
o 
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Table 1 Horncore measurements of Hispanodorcas longdongica, from Daidian Locality ,Qingyang (mm) 


anterior at base at 70 mm 
length DAP DT DAP/DT (%) DAP DT DAP/DT (%) 
GSKY 22010 1 101.8 24.0 c.a. 18.0 75.0 12.4 8.3 66.9 
T 98.0 23.4 17.6 715.2 10.2 ES 73.5 
GSKY 22014 1 77.0 c. a. 19.0 14.4 75.8 7.5 4.1 54.7 
r 75.0 c.a. 19.1 14.5 75.9 — — — 
GSKY 22012 1 — 20.9 14.4 68.9 — — — 
r — 19.5 15.1 77.4 — — — 


Abbreviations: DAP. anteroposterior diameter of horncore; DT. transversal diameter of horncore; 1. left; r. right. 


Braincase and cranial roof The braincase takes on an ellipsoid shape and is slightly 
inclined from the facial part at an angle of approximately 30° (Fig. 4A1). In dorsal view, 
the braincase exhibits notable width in comparison with the living gazelles (Fig. 4C1). The 
frontal bones that rise between the two horncores are restricted along the middle suture, which 
indicates the presence of a poorly developed frontal sinus (Fig. 4B, C1). The supraorbital 
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Fig. 3 Size comparisons of Hispanodorcas species 
A. bivariate plot of anterior horn length and horncorn compression index; 
B. bivariate plot of horncore DAP and DT; C. comparison of upper check tooth lengths 
Abbreviations: DAP. anteroposterior diameter of horncore; DT. transversal diameter of horncore 
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foramen is vertically elliptical, deeply excavating the anteromedial root of the horncore base, 
and holds a small orifice (Fig. 4B, f so). The frontal median suture and the frontoparietal 
sutures are highly indented (Fig. 4C1, s Fm, s F-P). The parietal bone is relatively long, 
resulting in a large distance between frontoparietal and parietooccipital sutures. While the 
temporal lines are not distinctly defined, they present a considerable separation (Fig. 4C1, tl). 
In lateral view, the temporal crest horizontally divides the braincase and linkes anteriorly to the 
zygomatic process of squamosal bone (Fig. 441). On the dorsal side of the zygomatic process 
root, there is a deep fossa that is penetrated by the postglenoid foramen (Fig. 4D1, f pg). 

Nuchal region In caudal view, the occiput is wide and low. The robust nuchal crest 
passes horizontally. In the center of the nuchal crest, there is an inverted triangular occipital 
protuberance (Fig. 4A3, Op) with a vertical crest that extends to the dorsal border of the 
foramen magnum. The condyles are sub-quadrate in shape, featuring a sharp ventral angle 
and encircling a sub-circular foramen magnum. The mastoid bone on the occipital surface is 
large (Fig. 4A3, M). The condyloid fossa is oval and deep. The development of hypoglossal 
foramina varies (Fig. 4A1, f h). For example, in the type specimen, there is only a very large 
right foramen and a moderately sized left one, which are accompanied by several small 
accessory foramina. 

Facial region In dorsal view, the facial part anterior to the orbit is contracted (Fig. 4B, 
C1). The proximal ends of the nasal bones are at the level of the anterior orbital rim (Fig. 4B, 


Table 2 cranial measurements of Hispanodorcas longdongica from Daidian Locality, Qingyang (mm) 


GGM GSKY GGM GSKY GGMGSKY GGM GSKY GGM GSKY 


22010 22014 22011 22012 22013 
Mpasureinenig Lef Ley Lefty Le Ley . 
. rig : right . rig . Tigh . right 
median median median median median 

Bulla length 19.2 20.7 
Bulla width 14.6 13.5 
Distance between horn pedicles 30.0 33.6 33.2 
Distance, orbit to condyle (measured parallel 

to tooth row) 83.3 
Distance between supra-orbital foramina 30.3 
Horn base distance (distance of the anterior- 

most parts of the ie ee 166 
Inter-bullae distance 11.5 
Length of frontal + parietal 73.3 69.1? 
Length of basioccipital (at sagittal plane) 28.7 
Length of frontal 44.2 
Length of parietal 30.3 27.6 
Orbit diameter (parallel to tooth row) 38.9 30.9 34.9 31:7 -32.7 
Occipital height, braincase complete 28.6 
Width across orbits (maximum width of 

frontals) TAS 
Width of braincase 54.4 
Width of basioccipital anterior 12.6 12.6 
Width of basioccipital posterior 17.4 16.8 
Width of condyle 34.7 
Width of palate, measured at level of palatal 24.7 16.1 


foramina 
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Fig. 4 Cranium (A-D) and mandible (E) of Hispanodorcas longdongica from Daidian Locality, Qingyang 
A. GGM GSKY 22010, the type specimen, in lateral (A1), ventral (A2), and caudal (A3) views; 
B. GGM GSKY 22012, in dorsal view; C. GGM GSKY 22014, in dorsal (C1) and lateral (C2) views; 
D. GGM GSKY 22011, in ventral (D1) and lateral (D2) views; 
E. GGM GSKY 22013, in lateral (E1) and occlusal (E2) views 
For abbreviations, see the material and methods part 
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s N-F). In lateral view, a slit-like ethmoidal vacuity seems to be present (Fig. 4D2, Ev), but 
it is not very clear due to the high degree of breakage in this area. A shallow lacrimal fossa is 
present, but it is poorly defined (Fig. 4D2, f L) due to the weakly developed facial crest. The 
facial part ventral to the facial crest is convex and low. None of the premaxillary bones are well 
preserved. The infraorbital foramen is small and positioned at the level of the first cheek tooth. 
The palatine foramina, as well as the palatomaxillary suture, are damaged in all the specimens. 
The lateral palatal notch is deeper than the median palatal notch (Fig. 4D1). 

Orbital region In dorsal view, the orbital is moderately, laterally protruded (Fig. 4B). 
In lateral view, the orbit is large and round (Fig. 4D2). A small lacrimal orifice is present at the 
inner border of the anterior end of the orbital rim (Fig. 4D2, | 0). Another rounded foramen 
passing to the nasal cavity is present at the anterior part of the orbit. It is ventral to the lacrimal 
orifice and dorsal to the large lacrimal bulla. A large oval opening is located at the dorsal wall 
of the orbit for the superior-orbital canal. The optical foramen is oval and is located at the 
deepest ventrocaudal corner of the orbit. The two orbital sphenoid bones on both sides are 
close to each other, which results in a very small distance between the optical foramina of the 
two sides (Fig. 4A2, of). Ventrally to the optical foramen, there is a large foramen rotundum 
that is concealed by the strong pterygoid process (Fig. 4D1, f ro). 

Basicranial region In ventral view, the two condyles are separated by a deep and 
narrow notch. The posterior basilar tuberosities are separated from each other and display a 
prominent median groove that extends throughout the basicranium (Fig. 4A2, t pb). Compared 
to the posterior basilar tuberosities of H. orientalis (Bouvrain and de Bonis, 1988), those of 
H. longdongica are relatively weak. The basioccipital, positioned between the posterior and 
anterior basilar tuberosities, is elongated and exhibits a shallow depression on each side that is 
anterior to the anterior basilar tuberosity. The latter elements are also relatively weak and show 
only a slight expansion (Fig. 4A2, t ab). 

The tympanic bulla is large and ellipsoidal with a pronounced ventral bulge (Fig. 4A1, 
A2, tb). The auditory tube is moderately long, facing laterally, and lacks a meatal fissure. The 
tympanohyal vagina deeply excavates the tympanic bulla and is anteriorly positioned (Fig. 
4A1, A2, tv), which resembles the condition seen in living Gazella. However, the lamina 
vaginalis is poorly developed. The stylomastoid foramen is significantly separated from the 
tympanohyal because of the strong posterior expansion of the bulla. The petrosal bone cannot 
be observed because of the close contact between the tympanic bulla and the basioccipital. 
On the alisphenoid, there is a shallow groove anterior to the tympanic bulla that houses the 
Eustachian tube (Fig. 4A2, Et). The foramen ovale is relatively large (Fig. 4A2, D1, f 0), and 
the glenoid fossa is either flat or slightly ventrally convex (Fig. 4D 1, f g). 

The petrosal and bony labyrinth of the type specimen GGM GSKY 22010 could not be 
reconstructed due to crushing. In GGM GSK Y22011, the ventrolateral side of the left petrosal 
is exposed due to the breaking down of the tympanic bulla (the right petrosal is missing) (Fig. 
4D1). The promontorium (pr) is oval and not strongly bulged, and there isn’t a clearly defined 
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transpromontorial sulcus. The epitympanic wing is small, and its apex is relatively sharp. The 
cochlear fenestra (f c) is large and round. The temsor tympani (f tt), the facial sulcus (f cs), and 
the stapedial muscle fossa (f sm) are located in a groove that is wide and deep. The tegmen 
tympani is strong. Other parts are not well-preserved. 

Upper check teeth (Fig. 5) The upper teeth are high-crowned. The DP2 (Fig. 5C, D) is 
elongated and is comprised of two lobes. The sharp paracone is the only recognizable element 
of this tooth. The DP3 (Fig. 5C, D) has two lobes and lacks the anterior cone. The paracone 
and protocone lobes are smaller than the metacone and metaconule lobes. The parastyle, 
mesostyle, and metastyle are all present with thin ribs. The paracone rib is thick and prominent, 
while the metacone rib is almost absent. The DP4 (Fig. 5C, D) shares its morphology with 
the upper molars, but the tooth crown is considerably lower. The parastyle and mesostyle are 


DP3 DP4 © m M2 M2 M1 DP4 DP3 DP2 


C2 


E1 


F 


Fig. 5 Cheek teeth of Hispanodorcas longdongica from Daidian Locality, Qingyang 
A. left upper cheek tooth row of GGM GSKY 22011, in occlusal (A1) and buccal (A2) views; 
B. right upper cheek tooth row of GGM GSKY 22011, in occlusal (B1) and buccal (B2) views; 
C. left upper cheek tooth row of GGM GSKY 22013, in occlusal (C1) and buccal (C2) views; 
D. right upper cheek tooth row of GGM GSKY 22013, in occlusal (D1) and buccal (D2) views; 
E. left lower cheek tooth row of GGM GSKY 22013, in occlusal (E1) and lingual (E2) views; 
F. right lower cheek tooth row of GGM GSKY 22013, in occlusal view 
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prominent, featuring thin ribs, while the metastyle is comparatively weak. Similar to the DP3, 
the paracone rib is relatively strong and the metacone rib is weak. 

The only available P2 (GGM GSKY22011) (Fig. 5A) is broken, with only the round 
lingula half remaining. The P3 (Fig. 5A, B) is elongated in the mediolingual direction. The 
lingual cone is round and exhibits a faint median groove. The labial cone has a large buccal 
angle with a strong rib. Both the anterior and posterior styles are weak and each have blunt 
ribs. Unlike the P3, the P4 (Fig. 5A, B) is not elongated and it is instead semicircular in shape. 
The lingual cone is round and has a very weak median groove as well. The central fold is 
present unless it is deeply worn. Compared to the P3, the labial cone is blunt with a relatively 
weak rib. However, both the anterior and posterior styles are strong, each with a prominent rib. 

The M! (Fig. 5A, B) exhibits approximately equal length and width, especially in 
moderately to deeply worn teeth. In occlusal view, the protocone and metaconule have 
relatively round lingual edges. In the slightly worn teeth, the poatprotocrista curves mesially, 
leaving a free end, and the premetaconulecrista contacts the buccal wall. The metaconule fold 
is also present. However, in the moderately to deeply worn specimens, these structures become 
less discernible. The paracone has a sharp buccal apex and the metacone is rather blunt. The 
mesostyle is strong and vertical to the buccal wall, while the para- and metastyles are relatively 
weak. In buccal view, both the paracone and metaconule have high and sharp apices. The ribs 
of the parastyle, mesostyle, and protocone are pronounced, while those of the metacone and 
metastyle are weak. The M2 (Fig. 5A, B) closely resembles the M1 in morphology, but it is 
larger and longer. The M3 (Fig. 5A, B) also has a similar structure, with the exception that the 
second lobe is smaller. 

Mandible (Fig. 4E) Only GGM GSKY22013, the juvenile specimen, has the associated 
mandible. The incisor arch is broken. The diastoma between the canine and the cheek tooth 
row is long. The mental foramen is small and anteroposteriorly elongated. The mandible 
corpus is shallow and slightly bulgy, and the mandibular ramus is high and thin. The angular 
process is large and strongly posteriorly protruded. The condyloid process is very small. 

Lower check teeth The dp2 (Fig. 5E, F) is small and simple. It has a large and high 


central apex, coupled with a small anterior conid and a transversely enlarged talonid-like 


Table 3 Mandible mesurements of Hispanodorcas longdongica (GGM GSKY 22013) 


from Daidian Locality, Qingyang (mm) 

Measurements left/median right 
Mandible length posterior to DP2 82.0 78.3 
Mandible length posterior to the tooth row 3525. 32:5 
Height at the condyloid process 47.9 
Height at the mandibular notch 45.4 
Corpus height at the anterior end of DP2 12.1 12.6 
Corpus height between DP4 and M1 14.3 14.9 
Corpus height at the posterior end of tooth row 19.1 20.4 
Length of premolar row (measured at alveoli) 14.4 16.6 


Length of tooth row (measured at alveoli) 44.3 45.4 
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structure. The dp3 (Fig. SE, F) closely resembles a p4 in structure, but it is more elongated. It 
has a substantial anterior conid and a small anterior stylid that forks from it. The mesolabial 
conid is inflated in the middle with a disto-oblique crest extending from it. The posterolabial 
conid merges with the posterolingual conid and stylid, forming a transversely enlarged 
complex. The dp4 (Fig. 5E, F) has three lobes, and the crown is low. Its structure is simplified 
due to extensive wear (known only in GGM GSK Y22011). The buccal conids have relatively 
sharp buccal angles, while the lingual conids are nearly aligned. The metaconid is robust, and 
the entostylid is posteriorly oriented. A weak ectostylid is present. 

In regards to the permanent lower teeth, only the m1 and m2 are known. The m1 (Fig. 
5E, F) is high-crowned. In occlusal view, the protoconid and the hypoconid have relatively 
sharp buccal angles. The metaconid and entoconid are oblique and not aligned, but each has 
a relatively flattened lingual wall. The metastylid and entostylid slightly protrude distally and 
lingually. The ectostylid is absent. In lingual view, the metaconid and entoconid are tall and 


Table 4 Tooth measurements of Hispanodorcas longdongica from Daidian Locality, Qingyang (mm) 


length width height premolar length molar length total length premolar/total 


GSKY 22011 left P2 39 — 47+ 
p3 6.6 5:3 7.4 
P4 6.4 71 8.4 
M1 9.2 8.5 6.5 


M2 11.0 9.0  9.6+ 
M3 11.0 8.4 9.9+ 


tooth row 19.8 30.3 49.2 0.4 
right P3 6.3 — — 
P4 5.0 7.5 8.2 
M1 9.4 9.9 6.5 


M2 10.8 96 10.6 
M3 11.5 88 115 
tooth row — 29.7 — — 

GSKY 22013 left DP2 6.8 40 42+ 
DP3 8.0 6.2 4.7+ 
DP4 9.3 7.9  6.9+ 

M1 11.6 88 12.4 

M2 125 Tl — 

right DP2 6.6 4.3 46+ 
DP3 8.3 6.2 49+ 

DP4 9.4 8.8 7.7 

M1 11.6 99 11.2 

M2 12.6 69 — 

left dp2 4.6 2.3 3.9 


dp3 70 3.2 41+ 
dp4 11.0 5.0 4.74 
ml 114 57 10 


m2 12.3 5.5 

right  dp2 48 3.0 31+ 
dp3 7.1 32 3.64 
dp4 11.6 46 54+ 
ml Wl 54 — 
m2 122 58 = 
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sharp, with each having a blunt rib. All the ribs of the lingual stylids are present. The m2 (Fig. 
5E, F) closely resembles the m1, but it is larger, has a higher crown, and features a metaconid 


and entoconid that are almost aligned. 


6 Comparison and discussion 


The new material described in this article can be confidently attributed to Hispanodorcas. 
The key diagnostic feature of Hispanodorcas is the slender, posteriorly curved horncore with 
a 1/2 turn of homonymous twist. This feature is clearly visible in the Chinese material. The 
other autapomorphic features of Hispanodorcas (i.e., listed by Kostopoulos (2014)) are all in 
agreement with the Chinese material. These include the distal divergence of the horncores, the 
presence of a lateral groove (referred to as the laterodorsal groove in this article) that extends 
throughout the horncore, the absence of an anterior keel, lateral compression at the horncore 
base with a relatively flattened lateral surface, short pedicles, the lack of a frontal sinus, a 
Gazella-like supraorbital foramen, laterally positioned post-cornual fossae, a rostrally tapering 
basioccipital, and a basisphenoid with a prominent medial groove. The only distinction lies in 
the fact that the Chinese material features a weak flexed braincase from the facial part, which 
appears to be a plesiomorphic feature. This aspect will be further discussed later in the article. 
The Chinese material also differs from other homonymous-horncored genera in several ways. 
For example, it differs from Samotragus, Oioceros, and Paraoioceros in the lesser degree of 
twist of the horncore (whereas the latter three possess one or more turns of twist) (Kostopoulos, 
2014). It also differs from Sinotragus and Prosinotragus in the very small size and less raised 
frontal bones between the horncore (Bohlin, 1935). Furthermore, it differs from Urmiatherium 
polaki and U. rugosifronts in the very small size and long, slender horncore (the cranial 
appendage of U. intermedium does not twist) (Kostopoulos, 2014; Shi et al., 2016). 

Three species has been established within the genus Hispanodorcas. The type species, H. 
torrubiae, was initially discovered in Concud, Spain, MN12 of Turolian (Thomas et al., 1982). 
Unfortunately, no cranial material has been found. The horncores of H. torrubiae are notably 
larger and are 150%—175% longer than those of the Chinese material (Fig. 3A). Additionally, 
the horncores of the Chinese material have more compressed cross-sections throughout the 
horncore (Fig. 3A, B) and are more posteriorly bent than those of H. torrubiae. Moreover, a 
M1 has been attributed to H. torrubiae, which, although much larger, exhibits less developed 
para- and mesostyles in comparison to the Chinese material. Hispanodorcas torrubiae has 
been reported not only in various Turolian localities in Spain but also in the assemblage from 
the Litra Formation in Pakistan, representing the only known Asian record of Hispanodorcas 
before our discovery (Raza et al., 2002). However, the Pakistan Hispanodorcas has not been 
extensively studied. 


Hispanodorcas orientalis is the second established species and was discovered from 
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Dytiko-3, Greece, MN13 of Turolian (Bouvrain and de Bonis, 1988). Hispanodorcas orientalis 
is smaller than H. torrubiae but still larger than the Chinese material in the aspect of having 
longer horncores and in some cranial measurements (Tables 1, 2). For example, the type 
horncore is 135% longer than those of the Chinese material. The horncore compression of the 
Chinese material is also slightly more pronounced than that of H. orientalis (Fig. 3A, B). The 
most striking differences between H. orientalis and the Chinese specimen include a shorter 
and more flexed braincase in the former, which results in a larger angle between the horncore 
and the cranial roof. A shorter and strongly bent braincase is typically considered as a derived 
feature in bovids. This, in addition to its smaller size, suggests that the Chinese material may 
be more primitive than H. orientalis. Furthermore, the Chinese material also has a thinner 
basioccipital bone with weaker anterior and posterior tuberosities. This is in contrast to H. 
orientalis, which exhibits a stronger and more specialized morphology of the basioccipital 
bone. In the cheek teeth in the Chinese material, enamel stripes are absent, and the styles and 
stylids appear to be stronger compared with those of H. orientalis. However, the teeth sizes are 
similar between H. orientalis and the Chinese materials (Fig. 3C). 

Kostopoulos (2014) attributed some cranial and horncore fragments as well as lower teeth 
to Hispanodorcas cf. H. orientalis, which were previously identified as Oioceros and ? Gazella, 
from Nikiti-1, Greece, MN10 of Vallesian. This maybe be similar in age to the Daidian locality 
where the Chinese material was found. Hispanodorcas cf. H. orientalis appears to be more 
closely related to the Chinese material in terms of size, and it may have a less flexed braincase 
from the face. However, in lateral view, the horncore of H. cf. H. orientalis is straight, whereas 
those of the Chinese material are more posteriorly curved. As a result, we regard them as 
different species. However, more complete specimens of Hispanodorcas cf. H. orientalis are 
needed to confirm this assertion. Nonetheless, Hispanodorcas cf. H. orientalis and the Chinese 
material are likely closely related and together represent the more primitive members of the 
genus. 

A third species is H. heintzi, discovered in La Calera, Spain, MN14 of Rucinian (Alcala 
and Morales 2006). This species represents the latest and most derived member of the genus. It 
differs significantly from the Chinese material in several ways. H. heintzi is notably larger (Fig. 
3), and its horncores feature anterior and posterior keels, while the laterodorsal groove is either 
weak or absent. As the Chinese material exhibits distinct differences from all unequivocal 
species of Hispanodorcas, we have established a new species, H. longdongica. This discovery 
marks the first and only known occurrence of Hispanodorcas in China and East Asia. 

Apart from the previously mentioned species, there are several other materials that have 
been associated with Hispanodorcas. Firstly, Samotragus pilgrimi from Toril 3, Spain, MN7/8 
of the Middle Miocene (Azanza et al., 1998) was attributed to ?Hispanodorcas by Kostopoulos 


(2014). We have also recently discovered a homonymous twisted horncore that resembles 
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?Hispanodorcas pilgrim from the Halamagai Formation (~17—15 Ma), China (unpublished 
data). Although Kostopoulos (2014) pointed out many features that are reminiscent of 
Hispanodorcas, he also noted that the thicker and shorter horncores, as well as the deep 
braincase of ?Hispanodorcas pilgrimi, differ from those of other Hispanodorcas species. 
Indeed, it is possible that ?Hispanodorcas pilgrimi might belong to Hispanodorcas. However, 
it could also be possible that ?Hispanodorcas pilgrimi represents another (new) genus that 
is not closely related to Hispanodorcas. Particularly, the molars of ?Hispanodorcas pilgrim 
display a relatively strong ecto-/entostylis (at least in m1 and m2, see Azanza et al. 1998:fig. 1) 
that is totally absent in the other known species of Hispanodorcas. 

“Gazella” rodleri Pilgram and Hopwood, 1928 is another taxa that was frequently 
mentioned when discussing Hispanodorcas. It was attributed to Hispanodorcas by Gentry and 
Heizmann (1996) in question. However, as Kostopoulos and Bernor (2011) pointed out that 
“Gazella” rodleri possesses a thick horncore with a very weak twist (~1/4 turn). The frontal 
bone is thickened with the initial development of the sinus system. Kostopoulos and Bernor 
(2011) suggested that “Gazella” rodleri is more likely a caprine rather than an antilopine and 
established the genus Demecquenemia for this taxon, renaming it D. rodleri. We agree with 
this opinion. In the Late Miocene of China, similar specimens were also reported, such as 
Antilope gen. et sp. indet. or Olonbulukia sp. from the Qaidam Basin (Bohlin, 1937; Wang et 
al., 2019), which warrant further study. 

Thomas et al. (1982) mentioned a specimen (THP 29.405) from Yushe, China, first 
reported by Teilhard de Chardin and Trassart (1938). Thomas et al. (1982) suggested that it 
might phylogenetically connect to Hispanodorcas. Although the Yushe specimen displays a 
weak homonymous twist (less than | turn) of the horncore akin to that in Hispanodorcas, the 
two horncones insert very closely to each other and strongly converge in the proximal half. 
This is distinct from Hispanodorcas, in which the two horncores insert very distantly and do 
not converge proximally. In these aspects, the Yushe specimen is morphologically close to the 
specimens attributed to “Oioceros sp.” (or more probably, “Samotragus sp.”) from the Pliocene 
localities of Lingtai, Gansu (unpublished data), except for in the less homonymous twisted 
horncore. Nevertheless, a more detailed study of the morphology of these “Oioceros’’-like 
specimens should be conducted in the future. Here, we do not consider the Yushe specimen to 
be closely related to Hispanodorcas. 

The next question pertains to which tribe Hispanodorcas should be assigned. Obviously, 
it belongs to the Antilopinae, not the Bovinae. Within the Antilopinae, there are three 
hypotheses: Antilopini, Reduncini, and Oiocerini. Thomas et al. (1982) excluded it from 
Reduncini due to the absence of frontal bones raised for holding the frontal sinus. Furthermore, 
the cheek teeth of Hispanodorcas exhibit clear aegodont characteristics, unlike the boodont 


teeth found in reduncines. 
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Kostopoulos (2014) grouped Hispanodorcas with those taxa possessing homonymous 
spiral or twisted horncores and attributed them to Oiocerini. However, the question of whether 
Oiocerini truly constitutes a monophyletic group is debatable. Homonymous horncores are 
a rare characteristic among living bovids, but they were not uncommon in the Late Miocene 
bovids. In this discussion, we exclude the Early to Middle Miocene taxa, like Turcocerus. For 
the Late Miocene taxa such as Samotragus, Oioceros, and Paraoioceros from Greece, and 
Shanxispira from China, these typical oiocerines have homonymous horncores with more 
than one full turn (Kostopoulos, 2014; Shi et al., 2014). They are typically relatively large and 
possess raised frontal bones for the development of the frontal sinus. The braincase is usually 
short and strongly flexed, and the horncores are typically thicker. These features differ from 
those of Hispanodorcas. It should be noted that the development of the frontal and horncore 
sinuses, the short and flexed brain case, and the thick horncores point to the tribe Caprini. 
Therefore, those typical oiocerine taxa (Samotragus, Oioceros, Paraoioceros, Shanxispira, 
etc.) might represent a group within Caprini. However, Hispanodorcas does not fit this profile. 
All species of Hispanodorcas are small and not any larger than living Gazella. Hispanodorcas 
longdongica is even smaller than any living or fossil Gazella. The horncores are slender, and 
the frontal and horncore sinuses are absent. The braincase is relatively long and resembles that 
of Gazella. In H. longdongica, the braincase is poorly flexed, which is akin to the condition 
in Gazella. The homonymous rotation of the horncores, which might have evolved in parallel 
with that of oiocerines, however, is very weak and only reaches around a 1/2 turn. Therefore, 
Hispanodorcas might represent a group derived from the “Gazella stock.” This assertion was 
also made by Bouvrain and de Bonis (1988). However, based on molecular data, the previously 
defined Antilopinae (sensu Simpson (1945)) is not a monophyletic group. When considering 
various fossil “Gazella” and Gazella-like taxa, determining the phylogenetic position of 
Hispanodorcas remains a challenging problem. Nevertheless, the presence of H. longdongica 
provides further evidence for the existence of a continuous savanna-like biome between the 
eastern and western parts of the mid-latitude zone of Eurasia that resulted in a high faunal 


similarity along this corridor during the Late Miocene (Kaya et al., 2018). 


7 Conclusion 


In this article, we present the first-known species of Hispanodorcas from the Late 
Miocene of China, known as Hispanodorcas longdongica. This species is the smallest amongst 
the genus and exhibits several primitive features, such as a weak bend in the braincase from the 
facial region and the presence of weak anterior and posterior basilar tuberosities. Therefore, H. 
longdongica may represent an early evolutionary stage of this genus. The age of this discovery 
has been correlated with the early Baodean period based on the mammalian assemblage, 


particularly due to the presence of Hipparion hippidiodus and Hi. coelophyes. The discovery 
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of this new species expands our understanding of the distribution of Hispanodorcas, which is 
an extremely intriguing animal. It also suggests that Hispanodorcas may be phylogenetically 
closer to the “Gazella stock” rather than it possibly being attributed to the caprine-related 


Oiocerini. 
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HEERE p rit A LE FS (Hispanodorcas) 


Z 5 PEP A&R TR? MAM? 
a Bo a KEE. 
O ERWA he PIE A eS = hh oe Pees be I 730050) 
2 hHEAEbETT AH SAO, PHEAE BEA Hawi 5S comes JER 100044) 
3 HERE BEAS JE 100049) 


mE.: IEF Ý (Hispanodorcas) fz — J hA AE, ER R EZ He ie KA A 
HEM, MHJR WAS — EA TAI, FE BUG AE R(Antilopini), 334K (Reduncini) 
aX FA -FIR(Oiocerini) AK. HAN T EP RBA TE TE K AREA UR AY eA BE 
ASS F(A. longdongica sp. nov.), HARRA NFA (A187 BEA). BAR LFS SG 
A, BAREK, PEE GES IER ET EN AA SAR TZ. i 
JES, Hase lel 1] +H tChomonymous twist); ffj-0> el AAA AY FP ATA FI , 
DEAE PE BEA PS A PIE PR HL Ac EY PG BE AS ES he), EBA 
FRG PO AS BES, BU ZT Ly Ae BE. CHE Ne YP IE Ze BH DWE AR DG BE AH FT FETE 


= 
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HSA TIBI FET E. Heh, AA A R (Gazella) Hy AAW Mh Pa BEA e a 
BE ee EL He DAES LCR CMO, ECT Ped SHA AY PA ARB, RE AO AT 
TEX. 

KH: KRU, KE, A, RER, SMAD, WIEN 
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